ABSTRACIÌ n addition to chlorophyll-protein complexes, other proteins were labeled when isolated developing pea (Pisum sativum L.) chloroplasts were incubated with 11CI5-aminolevulinic acid. The major labeled band (M, = 43 kilodaltons by lithium dodecyl sulfate-polyacrylamide gel electrophoresis) was labeled even in the presence of chloramphenicol. Heme-dependent peroxidase activity (as detected by the tetramethyl benzidine-H202 stain) was not visibly associated with this band. The radioactive band was stable to heat, 5% HCI in acetone, and was absent if the incubation with`'4C15-aminolevulinic acid was carried out in the presence of N-methyl protoporphyrin IX dimethyl ester (a specific inhibitor of ferrochelatase). Organic solvent extraction procedures for the enrichment of cytochrome ffrom chloroplast membranes also extracted this unknown labeled product. It was concluded that this labeled product was probably a c-type cytochrome; however, the possibility that it might be a protein containing a covalently linked linear tetrapyrrole was not ruled out.
The two major classes of tetrapyrroles in higher plants, Chl and hemes, share a common biosynthetic pathway with protoporphyrin at the branchpoint (8, 27) . The Chi branch of the pathway begins with the insertion of magnesium into the protoporphyrin nucleus, while heme biosynthesis requires the insertion of iron, which is catalyzed by ferrochelatase (8) . 5-Aminolevulinic acid (ALA) serves as the precursor of both Chl and hemes in higher plants and in many cases it has been demonstrated that the ALA3 is made from L-glutamate (8) .
We have recently demonstrated, using ['4C]ALA as a precursor, that [14C] Chl is synthesized and assembled into CP complexes in isolated plastids (7) . In addition to the labeled CP complexes, we observed three non-Chl containing labeled bands resolved by PAGE and autoradiography. Of these, one with an apparent mol wt of about 43 kD ('X') was strongly labeled in our experimental system, and its partial characterization is the object of the present communication. The other two minor nonChl bands have not been specifically identified but could be Cyt b6 and b559 or their breakdown products.
In the intact plastid system used for these experiments we would expect hemes to be synthesized from ['4C]ALA because protoheme and Chl synthesis share the first part of the pathway as far as protoporphyrin IX (8, 27) . Based on this premise, preliminary experiments were planned to identify whether this labeled band was a Cyt. Higher plant chloroplasts contain three well-characterized Cyt, all of which are bound to thylakoid membranes (6) . Of these, Cyt f (containing covalently bound heme) and b6 are components of the recently characterized b6-f complex, while Cyt b559 is a component of PSII (9, 18, 21, 25 (1, 7, 17, 31) .
The c-type Cyt, including chloroplast Cyt f contain a protoheme prosthetic group, which is bound to the protein by means of thioether linkages. On the other hand, in b-type Cyt the protoheme is held by weaker noncovalent bonds, which can be easily broken by denaturing the protein with acetone containing a small amount of HCI (12) . Therefore, acid acetone forms the basis of a convenient separation between these two classes of heme proteins (4) .
The synthesis of Cytfand b6 was studied by incubating excised barley leaves with ['4C]ALA which labels the protoheme moiety (20) . On the other hand, Phillips and Gray (26) followed the synthesis of these same two thylakoid constituents by incubating isolated pea chloroplasts with radioactive amino acids which are incorporated into the protein moiety.
Our results suggest that our unknown band X may be a Cyt. However, it is not identical to any of the known plastid Cyt. Its possible relationship to these important constituents of the photosynthetic membrane is of great interest. MATERIALS Cytochrome Extraction. Cytfwas extracted from radioactively labeled chloroplasts essentially as described by Doherty and Gray (10) . This involved adding a mixture of ethyl acetate-ethanolconcentrated ammonium hydroxide (3:1:0.015, by volume) to Tris-washed thylakoids (see above). Alternatively, the Triswashed thylakoids (5-10 Al) were treated with 5 volumes of butanol (0°C) (28) . In both cases, the organic phase was discarded, and Cyt f was precipitated from the H20-rich phase by the addition of acetone at -20°C. The (7), did not reduce the radioactivity incorporated into band X (track 3). When the thylakoid membranes were heated for 3 min at 80°C, Chl was removed from the CP complexes and moved to the gel front (track 4); track 5 shows that band X was not removed by heat treatment. Figure 4 . TMBZ-H202 staining for heme-associated peroxidase activity showed that with both techniques Cyt f was extracted, and there was no detectable Cyt b6 contamination (tracks 2 and 4). These tracks were subsequently stained with Coomassie blue and showed that other proteins besides Cyt f were also extracted by these techniques. Tracks 3 and 5 are autoradiograms of tracks 2 and 4, respectively. In both cases, band X was also extracted, showing that, with respect to organic solvents, X behaved similarly to Cytf DISCUSSION Besides the CP complexes, other proteins were labeled when intact developing pea chloroplasts were incubated with ('4C]-ALA. The most prominent of these labeled bands (band X, Mr 43 kD) was partially characterized. The radioactivity in band X was not removed by heat, which suggested that it might be a hemeprotein. This is plausible, since Chl and heme share a common biosynthetic pathway as far as protoporphyrin, and therefore both kinds of tetrapyrroles should be labeled with ['4C]ALA (8, 27 and H202 (30) . This staining technique has b Cyt f and b6 in LDS gels of thylakoid polyi different plant species (20, 24) . Band X did not H202 and consistently migrated 4 to 6 kD position of band X relative to Cyt f was i presence of other detergents (e.g. Triton X-l (   -3 by heating (29, 31) . The TMBZ/H202 staining procedure is Mr x 10 reported to detect Cytfdown to a lower limit of 0.1 ,ug (3 pmol) (15) . Band X may be present in amounts too low to be detected by this procedure. The label incorporated into band X was not diminished in the presence of chloramphenicol, but was virtually abolished in the presence ofN-methyl-protoporphyrin dimethyl ester (Figs. 1 and   97 2). Since this compound is a strong inhibitor of ferrochelatase, we suggest that the label in band X is due to a pyrrole moiety, - with respect to the in vitro labeling of Chl-protein complexes (7) .
Experiments designed to demonstrate the incorporation of "9Fe into the protoporphyrin nucleus were unsuccessful.
- 29 Acid acetone has been used to remove noncovalently bound heme from b-type mitochondrial Cyt (4) ; under these conditions, -21 c-type Cyt are unaffected. Band X was not removed by acid -21 acetone, indicating that it contains a covalently bound moiety -1 6 derived from ['4C]ALA. Cyt f is the only known c-type Cyt in higher plant plastids (6, 21) , and its heme moiety is resistant to acid acetone, as demonstrated in Figure 3 . Furthermore, band X was co-extracted with Cyt f using two different isolation techniques for Cyt fJ which depend on the use of polar organic solvents (1O, 28, 29) . Extraction of Cyt f from ethanol-washed iethyl ester on [14C] thylakoids using detergents (Triton X-l00) in the presence of 4 thylakoid membrane M Urea (14) also extracted band X (data not shown). Thus, it followed by TMBZ/ appears that band X shares two properties with Cyt ft namely, ed by (a), Cyt f (b), the presence of a covalently bound pyrrole moiety and its behav-I complexes are also ior in the presence of polar organic solvents. In biliproteins (such ack 2: autoradiogram as phycocyanins, phycoerythrins, allophycyanins [13] , and phybeled with ['4C]ALA tochromes [23] ) the linear tetrapyrrole moiety is also attached imethyl ester. Tracks by a thioether linkage and is therefore resistant to the acid acetone < 104 cpm). Mol wt treatment. Consequently, in the case of X, the available experimental evidence does not differentiate between c-type Cyt and biliproteins. The wt of 34 kD (based on LDS-PAGE), which is 4 kD smaller than pea Cytf(data not shown). Band X of cucumber also has a lower mol wt than pea band X, so there seems to be a constant difference in apparent mol wt between band X and Cyt f in different species.
Both Cyt fand b6 apoproteins are synthesized and assembled into the Cyt complex in isolated pea plastids (26) . Preliminary experiments suggest that in our own isolated plastid system
[35S]methionine is also incorporated into the Cyt fapoprotein, confirming the report of Phillips and Gray (26) . Experiments are in progress using antibodies against chloroplast Cyt. They are aimed at probing the degree of homology that our unknown, rapidly labeled protein may have with these well-characterized chloroplast constituents.
Finally, the study of heme-containing proteins, which can be labeled with heme precursors in isolated developing chloroplasts and separated by PAGE into discrete bands, is particularly interesting because of the observation that protoheme turns over during greening and the inference that heme may be involved in the regulation of ALA and, therefore, in the regulation of the whole tetrapyrrole pathway (8 . .
